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1  Introduction 

This  report  continues  the  interim  report  delivered  on  September  2007.  It  covers 
the  experimental  results  on  a  fiber  made  to  test  the  manufacturing  technique. 

As  the  test  results  are  encouraging,  the  project  will  continue  by  manufacturing 
two  more  fibers  on  the  specs  presented  on  previous  report. 


2  Manufacturing 

2.1  Target 

The  main  target  of  the  trial  was  to  prove  the  concept  for  the  manufacturing 
technique.  As  the  design  and  assembly  of  various  parts  involved  several  new 
processes,  we  aimed  to  demonstrate: 

-  subcontractor's  capability  to  perform  the  glass  grinding  according  to  the 

specs 

-  internal  glasswork  capability  to  assembly  the  parts 

-  fiber  drawing  effects  on  fiber  shape:  ridge,  slab  and  outer  cladding. 
Finally,  since  the  manufacturing  process  proved  to  be  successful  we  performed 
several  tests  on  the  fiber  to  evaluate  its  performance. 

2.2  Fibre  specifications 

The  fibre  specifications  were  taken  from  the  previous  report: 
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Fiber  specs  A:  250um  cladding 


Yb  doped  ridge  (can  be  rectangular 
or  round) 
dn  =  5.3xlOA-3 
Rridge=9.5um 


Undoped  slab  (rectangular) 
dn  =  5.3xlOA-3 
Sh=12.5um 
Sw=187.5um 


Cladding  (round) 
Silica 

Rmax=125um 

Rmin=90um 


Coating:  low  index  polymer 
Rcoat=170-190um 


Figure  1:  Fiber  design  specifications 


Because  this  was  a  trial  for  testing  the  manufacturability  we  used  materials  we 
already  had  in  house  even  though  they  were  not  fully  in  specs.  Figure  2  shows 
the  actual  refractive  index  profile  taken  from  the  doped  preform  and  passive  rod. 


Figure  2:  Refractive  index  difference  for  doped  ridge  and  passive  slab 

The  main  deviation  from  the  specs  is  the  relative  index  difference  between  ridge 
and  slab  (dn  ridge  -  dn  slab  should  have  been  lower  than  lxlO^-4).  The  absolute 
value  of  the  index  difference  is  not  relevant  for  the  fiber. 

2.3  Drawn  fibre  geometry 

The  geometry  of  the  drawn  fiber  is  presented  below: 
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Size 

Target  (pm) 

Result  (pm) 

R  ridge  max 

9.5 

14.9 

R  ridge  min 

9.5 

10.2 

R  min 

90.0 

96.4 

R  max 

125.0 

124,2 

SXlfmin 

187.5 

137.6 

g^rnax 

187.5 

145.9 

Refractive  indexes 

Target 

(1QA-3) 

Result 

(10A-3) 

NA 

Xt>  doped  rib 

5.3 

1.57 

0.07 

UQ&JR&Jslab 

5.3 

1,23 

0.06 

Figure  3:  Drawn  fiber  geometry 


The  main  achievement  we  demonstrated  is  that  we  managed  to  manufacture  the 
fiber  that  preserves  the  ridge  and  slab  geometry.  Also  the  structure  has  good 
mechanical  strength  and  has  no  bubbles. 


The  dimensional  and  index  difference  differences  are  due  to  the  materials 
available  and  will  affect  the  performance  of  the  fiber,  as  shown  below. 


2.4  Fibre  absorption 

The  cladding  absorption  of  the  drawn  fiber  is  presented  in  figure  4: 


4,5 


850  870  890  910  930  950  970  990 

Wavelength  (nm) 

♦  Ridge  ■  Ybl  200-1 2/1 25DC 

Figure  4:  Drawn  fiber  absorption  spectrum 
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The  absorption  spectrum  is  as  expected.  The  Ybl200-12/125DC  fiber  was  taken 
as  reference  since  according  to  the  calculations  it  should  have  an  absorption 
spectrum  close  to  the  ridge  fiber. 

2.5  Mode  field  distribution 

We  analyzed  the  mode  field  distribution  for  various  coiling  and  fiber. 


\ 

% 

The  fiber  does  not  lase  if  the  slab  is  on  the  outer  side  of  the  coil  (left  side  image). 
The  fiber  lases  when  the  ridge  is  on  the  outer  side  of  the  coil  (right  side  image). 
The  fiber  was  coiled  at  15cm  diameter  and  the  waveguide  is  strongly  multimode. 


The  coiling  diameter  plays  on  important  role  in  modal  composition:  13.5cm  coiling 
diameter  (left):  highly  multimode,  16cm  coiling  diameter  (right):  closer  to 
singlemode  operation. 
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The  modal  composition  can  be  adjusted  by  fiber  length:  left  side  image:  18m, 
right  side  image:  8m. 


This  behavior  is  in  line  with  the  simulation  predictions.  Because  the  index 
difference  between  ridge  and  slab  is  higher  that  specified  and  also  the  slab 
widthness  is  lower  than  specified,  the  fiber  has  a  tendency  to  be  multimode  and  is 
very  sensitive  to  coiling  diameter. 


3  Conclusions 

We  demonstrated  that  we  can  manufacture  the  doped  ridge  fiber  strong  and 
without  bubbles. 

Some  fiber  parameters  were  out  of  specs  because  this  was  a  trial  for  the 
manufacturing  process. 

As  predicted  by  the  simulation,  the  fiber  with  too  narrow  slab  has  the  tendency  to 
become  multimode  but  this  can  be  compensated  by  proper  coiling  and  adjusting 
the  fiber  length. 


4  Next  steps 

We  already  started  the  manufacturing  of  two  new  fibers  with  proper  materials. 
These  fibers  will  be  made  according  to  the  design  specs.  The  target  is  to 
demonstrate  the  stable  single-mode  operation. 
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